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Environmental concern based designs are becoming essential in urban India. Shift of population from rural to urban cities is leading
to the associated burden of mass housing facilities. The paper discusses the economic feasibility of using energy conservation green com-
ponents by performing their life cycle cost analysis (LCCA) in large mass housing projects. A total of six components including solar
applications have been evaluated for a case project placed in Mumbai suburban location in India. LCCA is performed from the projec-
tions of Wholesale price indices and wholesale market price ﬂuctuations of the commodities. Labour cost projections are performed from
minimum wages provided by the ministry. For calculation of savings, exponential increase in electricity tariﬀ is considered. The capital
cost of energy components contributes in the range of 5–7% to the conventional built up area cost. LCCA suggests that the signiﬁcant
share of cost is related to maintenance, repair and replacement activities of all components. Financial analysis results suggest that the
components provide a payback of 11 years at 8% discounting rate and 7 years at non discounted values. The results of this study are
expected to beneﬁt investors in mass housing projects for their ﬁnancial and budgetary decision making in implementing energy eﬃcient
based design.
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Peer review under responsibility of The Gulf Organisation for Research
and Development.1. Introduction and objective of the study
India has realised the need for sustainable energy related
research and development from 1990. Indian economy is
growing fast and to meet the future energy demand, a sup-
ply which is equal to 3–4 times greater than the total energy
consumed today will be required (Kumar et al., 2010).
Indian residential electricity demand in 2010 accounted
for 35% of the country’s total residential delivered energy
consumption. This is estimated to rise to 76% in the nextduction and hosting by Elsevier B.V. All rights reserved.
Notations
EXP exponential value
LN logarithmic value
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New and Renewable Energy (MNRE) (11th Plan, 2010–
2011) is promoting development of solar cities by extending
subsidies and low interest loans for the adoption of solar
photovoltaic applications (MNRE, 2010–11). High cost
of solar panels is a major hindrance for the market capture
potential of solar photovoltaic applications (Prakash and
Bhat, 2009). However the unit cost of photovoltaic panels
is likely to decrease due to an increase in market size asso-
ciated with production level due to learning eﬀect (Nouni
et al., 2006).
Increased stress on the demand side for continuous
power supply in metros has resulted in the use of energy
eﬃcient luminaries as the load is transferred to inverters.
In case of luminaries’ type, T12’s (linear ﬂuorescent lamp)
still dominates the Indian market (LOST, 2006). Light
emitting diodes (LED) and T5 lamps consume compara-
tively very low power for same lumens to be produced by
other lamps. However the replacement of incandescent
lamps by compact ﬂuorescent lamps (CFL) has the highest
opportunity for savings throughout the world (McNeil
et al., 2008).
Urban India in conjunction with the energy problem is
also facing challenges of waste management Ministry of
Urban Development (2010). Census of India, 2011 reveals
that rapid urbanisation and demand for mass housing in
sub urban Mumbai is rising (Census of India, 2011). Asso-
ciated burden on Municipal Corporation with respect to
solid waste management and energy demand is increasing.
MNRE in concurrence to solar cities is also encouraging
Waste-to-Energy Program through which ﬁnancial assis-
tance is provided to commercial projects by way of interest
subsidy but no assistance is extended to non commercial
projects. The net cost of solid waste management services
would almost be eliminated if all the waste generated is
treated on-site of generation (Tellnes, 2010). Organic waste
can eﬀectively processed through bio degradation by Bio-
methanation as on-site treatment. Additionally biogas
has the lowest relative carbon footprint which proves it
to be a more sustainable energy source combined with
the potential to meet energy needs (Bobeck, 2010).
Urbanisation and lack of power are leading to the adop-
tion of energy eﬃcient design approach in residential urban
planning. The major hindrance for green design is higher
level of capital investment. However by adopting these
green designs, the operational cost of the building consid-
erably reduces thereby resulting in higher returns on long
term basis.
The study attempts to explore the economic feasibility
of energy eﬃcient solutions in mass housing projects inmetro cities. The study has taken into account the prevail-
ing conditions of Mumbai, one of the largest metro cities in
India as a case approach for the purpose of analysis. Res-
idential urban housing sector has been targeted for the
study. Solar photovoltaic application for sustainable
energy, Bio-methanation plant for organic waste to energy
conversion and energy eﬃcient lighting ﬁxtures are consid-
ered in the study.
Standardised methodology of life cycle assessment (ISO
14040, ISO 14041, ISO 14042, ISO 14043 and ISO 14044,
2006) are frequently studied nowadays for ﬁnding the
impact of material production, processes and systems on
environment. Other methods like life cycle energy, life cycle
costing and life cycle emissions whose benchmark is not
existing at present are also studied to compare the cost to
beneﬁt in ﬁnancial terms (Blackhurst et al., 2010) and also
to compare the carbon payback to ﬁnancial payback
(Jamie et al., 2014).
Noam and Dan (2006) while performing an economic
feasibility study of green buildings in Vancouver discussed
that life cycle costing is a methodology that discounts long
term costs and beneﬁts through net present value analysis.
Many studies have focused on life cycle assessment of
construction material selection (Asif et al., 2007; Zhang
et al., 2006; Kofoworola and Gheewala, 2008). Interna-
tional studies associated to construction processes and sys-
tems (Keoleian et al., 2000; Fay et al., 2000; Ochoa et al.,
2002; Arpke and Hutzler, 2005; Citherlet and Defaux,
2007; Hasan et al., 2008; Cuellar-Franca and Azapagic,
2014) have all resulted in the dominant share of use phase/-
operational phase energy consumption in the life cycle
energy analysis.
Where all the above studies were focused on life cycle
environmental impact application for product selection,
process and systems, Keoleian et al. (2000) while consider-
ing a single family house in Ann Arbor, Michigan per-
formed a ﬁnancial study in terms of life cycle costing for
the energy eﬃcient and standard home at discounted and
non discounted present values. They concluded that at
escalating energy prices the energy eﬃcient home is a
slightly better investment at 4% discount rate. Hasan
et al. (2008) performed a combined simulation and optimi-
sation of a single family detached house in Finland for life
cycle costing. Continuous and discrete variables were con-
sidered in the study. The results of the stimulation study
were the ﬁndings of optimisation of life cycle cost values
of selected design variable.
Further transitioning the life cycle costing study from a
single dwelling home, Arpke and Hutzler (2005) conducted
a life cycle cost analysis for 25- years operational period
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ances so as to study a 30 Unit Apartment Scenario. They
concluded that the dominant life cycle cost share is for
maintenance, repair and replacement (between 54% and
64%). Colon and Carlos (2010) performed a comparative
life cycle costing study of lighting technology like LED
and electrode less induction with high-pressure sodium
(HPS) concluding overall economic life cycle costs reduc-
tion of 21% for LED and 23% for induction lighting.
All the above life cycle costing study have emphasised
the relative assessment of operating cost to construction
cost, though these comparisons are not yet performed for
the housing sector in India. The results of these assessments
will facilitate the investors and end users to realise the long
term beneﬁts of energy saving systems and to plan for long
term capital allocations.
The objective of this paper is to perform life cycle cost
analysis for 25 years operational period for selected energy
conservation green components so as to assist the mass
housing developers and end users to compare the capital
and operating cost associated with these components. It
will also aid the housing management to allocate budget
for the annual maintenance charges of these energy compo-
nents. Long term budget allocations for these components
can also be planned for major repair and maintenance cost.
Operational savings from energy components will serve to
provide the payback period and NPV will help in capital
budgeting.
In the present study, life cycle cost analysis (LCCA)
accounts for the discounted 25 years potential cash inﬂows
and outﬂows that result from the capital investment
through net present value examinations. The capital cost
is the cost incurred on material purchase, transportation,
handling and construction/installation of the energy com-
ponent. The probable cash outﬂow will be the cost associ-
ated with the operation, maintenance, repair and
replacement of energy components. The likely cash inﬂow
will be due to operational energy cost savings owing to
the performance of energy components.
The green components which are studied in the paper
for energy conservation techniques are selected from the
interest of MNRE to develop solar cities.
Bio-methanation plant is also included in the study so as
to assist MNRE to consider the extension of ﬁnancial assis-
tance to non commercial projects.
The Bureau of Energy Eﬃciency (2006) (BEE) has
developed Standards and Labelling Programme in 2006
to provide energy eﬃciency labelling for equipments in
terms of star rating. For the purpose of this paper, a min-
imum of three star rating for T5 lamps as per BEE is con-
sidered for the selection criteria of manufacturing company
of lamps in the analysis. For CFL and LED luminaries,
BEE ratings do not exist and therefore the International
Organization for Standardization (ISO) certiﬁed com-
pany’s product speciﬁcations are considered as reference
for these lamps/luminaries.2. Methodology for calculation of life cycle cost analysis
There is no speciﬁc methodology for performing the life
cycle cost analysis of energy components for residential
mass housing sector. The method used in the analysis is
based on the work performed by Arpke and Hutzler
(2005). Whereas the work of Keoleian et al. (2000) and
Arpke and Hutzler (2005) compares the total life cycle cost
of standard home with energy eﬃcient home and conven-
tional with eﬃcient ﬁxtures, the life cycle cost analysis per-
formed in the present study for energy eﬃcient components
is absolute. (i.e. over and above the conventional compo-
nents). Cuellar-Franca and Azapagic (2014) represented
all the costs as ‘overnight cost’ so that all the life cycle
stages stand for present cost and no discounting is applied.
This was considered because they wanted to identify cost
intensive spots in the life cycle of house to target them
for improvement at the present time. However in the pre-
sent study ﬁnancial analysis at discounting rates is consid-
ered important from investment decision making criteria
and therefore discounting is performed at 4% and 10% rate
which is similar to the study of Keoleian et al. (2000).
The energy components that are analysed in the present
study for implementation in mass housing project are:
 Mono crystalline solar photovoltaic panels (SPP),
 Evacuated tube collectors type solar water heater
(SWH),
 Solar street lights (SSL) with light emitting diode lumi-
naries (LED),
 Energy eﬃcient compact ﬂuorescent lamp (CFL) and
 T5 ﬂuorescent tubes luminaries (T5),
 Bhabha Atomic Research Centre (BARC) Nisargruna
type bio-methanation plants (BMP).
In the present study for performing the life cycle cost
analysis of energy components, a mass housing complex
is designed as per Mumbai Metropolitan Region
Development Authority (Oct 2011) Development Control
Regulations, National Building Code of India by Bureau
of Indian Standards (2005) and bye laws of the local
authority. The capacity calculations for SPP and SWH
are made by arranging the solar panels geometrically on
the roof top for installations. Provisions for SSL are made
as per bye laws.
The unit capital cost of each of the technically identical
energy components is ascertained from the recently imple-
mented construction projects (small case studies), consul-
tants for solar applications, bio-methanation plant
(BARC) and whole sale market rates in the local area.
The unit capital cost of energy eﬃcient ﬁxtures are consid-
ered over and above the conventional ﬁxtures by deducting
the capital cost of conventional electric ﬁxtures from the
capital cost of energy eﬃcient ﬁxtures. Similarly capital
cost of conventional street light with sodium vapour lamps
is deducted from the cost of SSL with LED lamps.
Table 1
Life cycle cost elements, description and sources of data and projections details for SPP, SWH, SSL with LED, BMP, CFL and T5.
Life cycle cost
element
Description Life cycle cost sub element Source of data Source of projection Base case year and
corresponding values
Capital and
Installation
Cost
Capital cost incurred on material
purchase, transportation, handling
and construction or installation of
energy components
Complete Cost For SPP + SWH + SSL: Quotation
from solar photovoltaic systems
consultants + small solar systems case
studies implemented during the year
2012–13 in Mumbai
Projection not applicable Base case year 2012–13
SPP = Rs 154/Watt(post
subsidy of 30%).
SWH = Rs 110/litre(post
subsidy of 30%).
SSL = Rs 12,500/pole (over
and above conventional
street light of cost Rs 12,500/
pole)
For CFL and T5:Whole sale market
rates of Mumbai 2013
Projection not applicable Provided in Table 3
For BMP: Dr. Kale, Head of
Technology Transfer & Collaboration
Division at BARC
Projection not applicable Rs 1,850,000/MT of bio
methanation plant in the year
2012–13
Operating cost Operating cost consists of resource
costs in the form of energy, water,
manpower and chemicals required for
the working of energy components
Energy cost For SPP + SWH + SSL:
Energy cost is nil
Projection not applicable Not applicable
For BMP + CFL + T5: Bombay
Suburban Electricity Supply Company
taken over by Reliance Energy in 2004
Mr. Sultan Patel Family
Bills
Electricity tariﬀ in Rs/unit
projected from the period
1985 projected till 2038
provided by Fig. 5 and Eq.
(5)
Water cost For BMP: annually increase in rate of
water tariﬀ by local corporation is 50/
7 = 8% (2008–2014 = 7 years)
Thane Municipal
(LC = Local
corporation) @,
LC proposes 50 per cent
hike in water charges for
its domestic and
commercial user’s b
Base case 2013–14, Rs 30/day
(as per Dr. Kale, BARC)
increased annually at 8%
Labour cost Ministry of Labor and Employment,
Oﬃce of the Deputy Chief Labor
Commissioner, half yearly publishes
revised minimum wages for all classes
of labour, area wise for scheduled
employment in central sphere
Projections of minimum
wages from base case year
of 2004 till 2038.
Linear projection with
equation (Daily wage of
skilled operator in
Rs = 33.8*nth
year + 39.88
R-square = 0.877)
(Daily wage of unskilled
labor in Rs = 11.8*nth
year + 73.92
R-square = 0.878)
Values available in
Figs. 3 and 4
Annual
maintenance
and repair cost
Maintenance cost consists of
preventive and break down
maintenance
Annual civil works and E&M
maintenance works
Minor repairs are established by
discussion with electrical and plumbing
contractors. For Solar photovoltaic
applications, case studies & consultants
of SSL and SWH provided the
necessary data. For BMP, BARC head
provided the data
Projection not applicable Provided in Table 5
(continued on next page)
S
.S
.M
.
S
a
y
ed
,
P
.H
.
S
a
w
a
n
t
/In
tern
a
tio
n
a
l
J
o
u
rn
a
l
o
f
S
u
sta
in
a
b
le
B
u
ilt
E
n
viro
n
m
en
t
4
(
2
0
1
5
)
2
0
2
–
2
2
1
205
T
ab
le
1
(c
o
n
ti
n
u
ed
)
L
if
e
cy
cl
e
co
st
el
em
en
t
D
es
cr
ip
ti
o
n
L
if
e
cy
cl
e
co
st
su
b
el
em
en
t
S
o
u
rc
e
o
f
d
at
a
S
o
u
rc
e
o
f
p
ro
je
ct
io
n
B
as
e
ca
se
ye
ar
an
d
co
rr
es
p
o
n
d
in
g
va
lu
es
R
ep
la
ce
m
en
t
ca
p
it
al
co
st
R
ep
la
ce
m
en
t
ca
p
it
al
co
st
co
n
si
st
s
o
f
re
p
la
ce
m
en
t
o
f
ca
p
it
al
in
te
n
si
ve
p
ar
ts
co
st
d
u
ri
n
g
b
re
ak
d
o
w
n
R
ep
la
ce
m
en
t
o
f
b
at
te
ri
es
,
in
ve
rt
er
s
an
d
la
m
p
s.
(C
F
L
+
T
5
+
L
E
D
)
W
h
o
le
sa
le
m
ar
k
et
ra
te
s
o
f
M
u
m
b
ai
20
13
P
ro
je
ct
io
n
d
et
ai
ls
p
ro
vi
d
ed
in
T
ab
le
6
W
P
I
n
ew
se
ri
es
20
04
–0
5
o
f
la
m
p
s,
b
at
te
ri
es
an
d
C
o
n
ve
rt
er
/I
n
ve
rt
er
.
A
ct
u
al
m
ar
k
et
p
ri
ce
ﬂ
u
ct
u
at
io
n
s
fo
r
L
E
D
,
T
5,
C
F
L
an
d
so
d
iu
m
va
p
o
u
r
la
m
p
.
D
et
ai
ls
p
ro
vi
d
ed
in
T
ab
le
6
@
L
C
(T
h
an
e
M
u
n
ic
ip
al
C
o
rp
o
ra
ti
o
n
),
M
r.
K
D
L
al
a,
(C
it
y
E
n
gi
n
ee
r)
,
W
at
er
su
p
p
ly
d
ep
ar
tm
en
t,
<
h
tt
p
:/
/w
w
w
.t
h
an
ec
it
y.
go
v.
in
/d
ep
ar
tm
en
t_
d
et
ai
ls
.p
h
p
?i
d
=
28
/>
(S
ep
te
m
b
er
10
,
20
14
).
b
S
an
d
ee
p
S
h
iv
ad
ek
ar
.,
Ju
l
1,
20
14
,
01
.3
2A
M
IS
T
,
T
im
es
o
f
In
d
ia
,
“
P
o
ll
h
ea
t
co
o
ls
w
at
er
ra
te
h
ik
e
p
la
n
fo
r
n
o
w
”
,<
h
tt
p
:/
/t
im
es
o
ﬁ
n
d
ia
.i
n
d
ia
ti
m
es
.c
o
m
/c
it
y/
th
an
e/
P
o
ll
-h
ea
t-
co
o
ls
-w
at
er
-r
at
e-
h
ik
e-
p
la
n
-
fo
r-
n
o
w
/a
rt
ic
le
sh
o
w
/3
75
34
03
5.
cm
s>
.
(S
ep
te
m
b
er
10
,
20
14
).
n
th
ye
ar
fr
o
m
th
e
b
as
e
ca
se
ye
ar
.
206 S.S.M. Sayed, P.H. Sawant / International Journal of Sustainable Built Environment 4 (2015) 202–221The operation, maintenance and replacement cost are
found for each of the energy components by consultation
with the specialists in the ﬁeld. For replacement purposes
future cost is projected from the Wholesale Price Index
(WPI) of India (Base case 2004–05) provided by the
Economic Advisor (2013), Ministry of Commerce and
Industry or from the trends of market cost ﬂuctuations in
the previous years. The operation cost is estimated from
the electricity tariﬀ rate projection of Bombay Sub-urban
Electric Supply Ltd (regional provider of electricity in the
studied area) (Base Case 1985) taken over by Reliance
Energy in 2004. The labour cost for operation and mainte-
nance purpose is projected from the minimum wages spec-
iﬁed by Minimum Wage Act (1948). The details of life
cycle cost elements, their descriptions, their sub elements,
sources of data and projections details for SPP,
SWH, SSL with LED, BMP, CFL and T5 are provided
in Table 1.
For ﬁnding the life cycle saving cost i.e. likely cash
inﬂow due to operational energy cost savings, a thor-
ough knowledge of energy consumption by lamp/lumi-
naries is found from the literature study and product
speciﬁcations by manufacturers. The transmission energy
losses for SPP are considered in the saving cost calcula-
tions. The operation cost, maintenance cost and saving
cost for BMP are considered from the personal discus-
sion with head of technology transfer and collaboration
division, BARC.
The life cycle cost (LCC) for 25 years operational period
including capital and installation cost is calculated from
the following general Eq. (1):
Xi¼25
i¼0
LCC ¼ ðCce CccÞ þ Icj j þ
Xi¼25
i¼0
O&Mcj j
þ
Xi¼25
i¼0
ðRcÞ þ
Xi¼25
i¼0
ðReceÞ ð1Þ
LCC = Life cycle cost is associated to cash outﬂow due
to energy components for 25 years operational period
including capital and installation cost of the energy compo-
nent over and above the conventional components.
Cce = Capital cost of energy components.
Ccc = Capital cost of conventional components.
|Ic|= Absolute installation cost of energy components
including proﬁt of the consultant/contractor over
and above the conventional components.
jO&Mcj ¼Absolute operating andmaintenance cost
of energy components over and above conventional for 25 years:
Rc = Repair cost of energy components and their parts
for 25 years.
Rece = Replacement cost of energy components and
their parts for 25 years.
S.S.M. Sayed, P.H. Sawant / International Journal of Sustainable Built Environment 4 (2015) 202–221 207i = Life cycle cost analysis period.The life cycle saving
(LCS) cost for 25 years operational period is calculated
from the following general Eq. (2):
Xi¼25
i¼0
LCS ¼
Xi¼25
i¼0
ðEcÞ þ
Xi¼25
i¼0
ðLcÞ þ
Xi¼25
i¼0
ðReccÞ þ
Xi¼25
i¼0
ðBycÞ
ð2Þ
LCS = life cycle saving cost is associated to cash inﬂow
due to the performance of energy components for 25 year
operational period.
Ec = energy cost saved due to energy components for
25 years.
Lc = labour cost saved by energy components due to
longer life span than the conventional component for
25 years.
Recc = replacement capital cost saved by energy com-
ponents due to longer life span than the conventional com-
ponent for 25 years.
Byc = by-product selling cost produced by energy com-
ponents for 25 years.
The net present value is calculated from the following
general Eq. (3).
NPV ¼ Ciþ
Xi¼25
i¼0
Xi¼25
i¼0
ðLCS  CoÞ=ð1þ rÞi
 !
ð3Þ
r = discount rate.
Ci = initial capital investment.
where Ci = ððCce CccÞ þ jIcjÞ
Co = cash outﬂow for 25 year operational period.
where Co = ðPi¼25i¼0 LCCÞ  ððCce CccÞ þ jIcjÞ and
where Ic is equal to |Ic|.
The payback period is the ﬁrst nth year from the capital
investment at which the NPV becomes positive and is cal-
culated from the following general Eq. (4):
PBP ¼ Ciþ
Xi¼n
i¼0
Xi¼n
i¼0
ðLCS CoÞ=ð1þ rÞn
 !
ð4Þ
PBP = payback period
r = discount rate
n = nth year from the year of capital investment at
which the NPV becomes positive.
3. Preliminary study
To study the energy consumption pattern of middle
class tenancy, a survey is conducted of 160 houses of
annual income in the range of Rs 350,000/- to Rs
600,000/-. Table 2 provides the results of the survey. All
the values are averages for sample data. These results
served as basis for the consideration of electricity used in
the proposed mass housing complex. The average supply
required from SPP per day per house is 3.37 Kilo Watt
hour (KWh). It includes the connections of basic electricity
units like CFL, T5, tube light, bulb, ceiling fan, television,
charger, computer and exhaust fan.4. Mass housing complex details and energy components
design capacities
The following section discusses the details of mass hous-
ing complex population and energy component capacities
for the buildings under consideration.
The complex has a total built up area of 110,123 m2 with
10,096 occupants and a ﬂoor space index of 1.0. Fifteen
buildings of podium parking + 10 ﬂoors are considered.
Each building has two wings. Each wing consists of six
ﬂats. Four ﬂat of one bedroom hall kitchen (BHK) and
two ﬂats of two BHK attached W/C. Each wing consists
of 350 occupants. An additional 10% is kept for the ﬂoat-
ing population.
SPP are dimensionally arranged on the terrace area and
spaces are reserved around the panel for cleaning and
maintenance purposes. SWH panels are arranged at suit-
able locations on the terrace where minimum plumbing will
be required for access to W/C and bath. Fig. 1 provides the
plan of the roof with solar panel arrangement on a single
building prepared on Auto Cad software.
The capacity of SPP and SWH system on each building
is 29 KWh and 10,500 Litres (L) respectively. The total
capacity in the entire complex for SPP is 497.5 KWh and
the SWH system is 180, 105 L.
Following arrangements are considered in the study.
 The SSL are provided at the periphery of the buildings,
paved area, access road and approach areas. A total
number of 426 SSL are considered for the entire com-
plex at the rate of 250 m2 of built up area per SSL, pro-
vided at a spacing of 15 m at road lengths.
 T5’s and CFL’s are provided as per the lighting require-
ment (250 l) of the building analysed in Ecotectv5,
2011. One T5 light in each BHK and one CFL in
W/C, bath and passages provided the necessary lighting
requirement. Fig. 2 provides the day lighting level anal-
ysis in l without artiﬁcial sources of light for a single
ﬂoor of the building.
 BMP capacity for LCCA is considered as 1.45 Metric
Tons (MT)/day. It is assumed that biodegradable waste
is generated at a rate of 80 g per person per day. One
vegetable market is proposed in the complex producing
400 kg of biodegradable waste every day.
5. Life cycle cost analysis and its limitations in the study
This section brings out various cash ﬂows associated
with life cycle cost analysis such as capital investment cost,
operating cost, repair cost, maintenance cost, replacement
cost and cost of savings related to the energy conservation
green components analysed in the study.
The initial capital cost is considered by the quotations of
unit cost of consultants and contractors. However replace-
ment of batteries/inverters for SPP and SSL is technically
simple and the activity can be performed by an electrical
Table 2
Energy consumption pattern as per the survey of 160 houses and considered values in the analysis.
Conventional/energy
eﬃcient ﬁxture
Area of ﬁxture connection Usage hours/day
from survey
Considered usage hours/day
values in the analysis
No of points in the
mass housing complex
Bulb/CFL Water closet (W/C) and bath 2.8 3 4,125
Passages in building 12 12 952
Passages in houses 3.80 4 3,808
T12/ T5 Living room 6.52 7 1,904
Bedroom 6.23 6 2,539
Kitchen 5.3 5 1,904
Passages of building 12 12 952
Lift 24 24 29
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charged to consultants to optimise the cost. The scope of
the analysis includes the installation, operation and main-
tenance cost of the energy components excluding the dis-
posal cost. The analysis period considered is 25 years.
SPP of 497.5 KWh capacity is considered as base for built
up area and number of people consideration for LCCA.
The other energy component capacities for LCCA are
scaled down for the base.
The limitations of this study of life cycle cost analysis
are:
The annual consumption of resources is considered to
be constant throughout the LCCA period. The salvage
value of the part of components which are replaced during
LCCA is considered to be zero. Power ﬂuctuation factor is
not considered in calculations. Cost for accidents during
job and absenteeism is not considered in labour resource
cost calculations. The eﬃciencies of energy components
and parts of energy components are considered constant
throughout the LCCA period.Figure 1. Solar Panel arrangement at ro5.1. Capital and installation cost
The capital cost of conventional incandescent bulbs is
deducted from energy eﬃcient CFL and similarly the cap-
ital cost of T12-TL 40 watts regular luminaries is deducted
from the capital cost of T5-TL 28 watts ultra slim luminar-
ies. In the case of CFL except for the lamp modiﬁcation all
other electrical ﬁxture works are same. Since the lamps/lu-
minaries are required in bulk for mass housing, the whole
sale prices (WSP) are established for the same. Table 3 pro-
vides the basic cost of lamps/luminaries for the year 2013
and the power saved by them respectively.
The capital cost of mono crystalline SPP with sealed
maintenance free Valve regulated lead acid (SMF-VRLA)
batteries of 12 V 150 A-h, with a 4 h backup system,
6 kVA single phase (Power control unit) PCU, subsidised
at 30% from MNRE is Rs 154/W including, installation,
mountings, AC/DC cables up to 270 m length. The capital
cost of SSL with 25 W LED luminary, 75 W module, 12V
42A-h SMF-VRLA battery, dusk to dawn operationof level of two wings of a building.
Figure 2. Natural day lighting analysis in Ecotectv5 2011.
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pole including the installation over and above the tradi-
tional pole with sodium vapour lamp. The 30% subsidised
capital cost of Evacuated Tube Collectors type SWH is
considered as Rs 110/L including the cost of solar panel,
mild steel (MS) water tank with polyurethane foam insula-
tion, mounting and installation. The cost per meter for
plumbing including material and labour cost is Rs 300/-.
According to the proposed planning the plumbing cost is
resulting to be 12% of the capital cost of the SWH.
Average installation cost for small BMP (Nisargruna
type) of capacity 1–5 MT/day would be Rs 17–20/- lacs
per MT and large BMP of capacity 10–25 MT/day would
be Rs 15 lacs per MT.
5.2. Operating cost
The operating cost consists of resource costs in the form
of energy, water, manpower and chemicals required for
the working of energy components. For BMP of 1 MTTable 3
Cost and resource savings of conventional and energy eﬃcient lamps/luminar
Lamp/luminaries type Energy
eﬃcient
Co
typ
Average rate/itema Av
CFL 14 W 1 year warranty/incandescent
Bulbs 60 W
Rs 158.57/piece Rs
T5-TL 28 W ultra slim, 1 year warranty/T12-TL
40 W regular, 1 year warranty
Rs 629.29/piece Rs
a Rates are averaged for diﬀerent Indian market brands available in Mumba
b Energy Saving Tips.pdf. Available at: <http://www.energymanagertrainingcapacity, electricity consumption is 2–3 units per day,
and water charges are Rs 30/- per day. The water charge
for cleaning of the SPP is not considered in the calculation
as it is of negligible cost.
The Ministry of Labour and Employment, oﬃce of the
Deputy Chief Labour Commissioner (2012), half yearly
publishes revised minimum wages for all classes of labour,
area wise for scheduled employment in the central sphere.
Labour daily wages for skilled operator and unskilled
labour are projected by ﬁtting a trend line from the base
case year of 2004 till 2038. Trend lines are the ﬁtted regres-
sion line to a given set of data and R-square value indicates
how close the data are to the ﬁtted trend line. R-square
value corresponding to 1 is the best ﬁtted regression line
in the given set of data. Figs. 3 and 4 provides the trend
projection details of skilled operator and unskilled labour
respectively. In both the cases polynomial trend line of
the order two is the most closely ﬁtted trend projections.
However the trend line values corresponding to linear
projection is considered in the analysis in which the loweries.
nventional
e
Rate adopted
energy eﬃcient
Rate adopted
conventional
Savingsb
erage rate/itema Rate/item Rate/item In watts
13.50/piece Rs 158.57/piece Rs 13.50/piece 15 W/60 W
Savings is 45 W
45.75/ piece Rs 630.0/piece Rs 45.75/piece 31 W/55 W
Savings is 24 W
i wholesale market.
.com/Journal/05102007/EnergySavingTips.pdf>(accessed August 8, 2014).
Figure 3. Minimum daily wage projections of skilled operator in rupees from 2004 till 2038.
Figure 4. Minimum daily wage projections of unskilled labour in rupees from 2004 till 2038.
210 S.S.M. Sayed, P.H. Sawant / International Journal of Sustainable Built Environment 4 (2015) 202–221values are compared to polynomial trend values, since the
labour wages in India can be highly bargained depending
on the unemployment conditions of the labour.
Work force, task to be performed and duration in days
per year required for operation, maintenance, repair and
replacement of the energy components are provided in
Table 4. The staﬀ payment will be on daily pay roll basis
and therefore their salary is not subjected to beneﬁts.
5.3. Annual maintenance and repair cost
The maintenance cost consists of preventive mainte-
nances such as lubrication of the mechanical part, cleaning,
routine checking of connections, observation of the proper
working of the energy components and their periodic per-
formance record in the form of eﬃciency checks. Breakdown maintenance consists of repair and replacement of
defective parts and connections for the satisfactory work-
ing of the green components.
SPP’s require major replacement cost of batteries/invert-
ers and do not require any minor repairs. AC/DC cable
will be concealed and therefore would be protected from
rodents. However SWH will require routine repairs to
plumbing lines, scale removal from the tank if hard water
is used and SSL will require minor repairs to connections,
photocell and driver replacement after the ﬁrst ﬁve years
and therefore the cost is provided for as stated in Table 5.
For CFL and T5, minor charges are due to the repair of
holders and wirings per point, provided in Table 5. For
minor maintenance and repairs to blower, compressor,
pump and scrubber of BMP the cost considered is provided
in Table 5.
Table 4
Work forces, task and duration in days required by energy components annually for operation, maintenance, repair and replacement purposes.
Green
component
Type of
manpower
Days/year Numbers Task to be performed Minimum wageS per
day in Rs in 2014
SPP Electrician 365 1.25 Minor repairs to connections and replacement of batteries and inverters after the economic life 411.68/-
Unskilled
labour
365 1.25 Cleaning of panels and helping the electrician for the replacement of batteries and inverters after the economic
life
203.72/-
SWH Plumber 365 1.5 Routine minor repairs to plumbing line 411.68/-
Unskilled
labour
365 1.5 Cleaning of panels, water tank and helping the plumber for the minor repairs to plumbing line 203.72/-
SSL with LED Electrician 365 0.6 Minor repairs to connections, driver replacement of luminaries, replacement of batteries and LED lamp after
the economic life
411.68/-
Unskilled
labour
365 2.15 Cleaning of panels, poles and helping the electrician for the replacement of batteries and LED lamp after the
economic life
203.72/-
Street light with
sodium
vapour
lamps
Electrician 64 1 Replacement of sodium vapour lamps, cleaning, changing igniters and ballast 411.68/-
Unskilled
Labour
64 1 Helping the electrician with the replacement of sodium vapour lamps and cleaning activities 203.72/-
CFL and T5 Electrician 365 0.6 Attend service calls for minor repairs to connections to luminaries and replacement of lamps after useful life 411.68/-
BMP Unskilled
labour
365 1.8 Segregation and shredding the bio degradable waste and transferring it to the pre digestion tank. Providing hot
water. Cleaning and lubrication of mechanical equipments of BMP periodically. Reporting breakdowns to
authority.
203.72/-
All the above work force is established by discussion with electrical and plumbing contractors regarding the output of the skilled worker. For unskilled labour it is assumed that manual cleaning is
performed for all solar systems. For SPP it is assumed that a labour can clean three building roof top solar panels in a day (840 m2 area).Therefore SPP will be cleaned at an interval of 5 days. For SWH
it is assumed that a labour can clean one building roof top solar water heating panel and water tank in a day (84 m2 area + 70 numbers MS water tank).Therefore SWH will be cleaned at an interval of
15 days .For SSL it is considered that 14 numbers of SSL can be cleaned by a labour in a day and another helper is required to hold the ladder. Therefore SSL will be cleaned at an interval of 30 days.
For replacement of sodium vapour lamps, eight lamps are considered to be replaced per day by one electrician and one helper. (Overall 15 days for 100 lamps replacement).
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At the time of breakdown when parts of green compo-
nents are uneconomical to repair, replacement activity is
required. The replacement of minor parts to BMP is
already considered in the annual civil and electrical &
mechanical maintenance works.
Energy conservation green components require frequent
replacement of capital intensive parts such as for SPP, the
batteries and inverters are to be replaced in 3–5 years. Bat-
teries perform well at an ambient temperature of 25 C;
therefore at roof level a shed is to be provided for protec-
tion from direct exposure to sunlight. In SSL, deep dis-
charges of batteries may occur, as it has to provide a
backup of 12 h every day and 3 days backup in case of
cloudy weather. Therefore the life of the battery in the case
of SSL is considered as 2 years.
WPI for LED is not included in the WPI new series
2004–05 as LED technology in Indian market paced from
2009 when at that period LED cost was high. As the
LED technology gained momentum, the cost of LED is
gradually decreasing every year as provided in Table 6.
Similar to LED the cost of CFL is also declining every year
but the market for CFL will stabilise at an early stage than
LED lamps. McKinsey and Company in the second edition
(2011) reported that in the year 2020 CFL will capture 15%
whereas LED will capture 59% of the total lighting market
of India. However as per the present study and analysis of
the cost projections, 23 W CFL cost in the year 2023 will be
Rs 129/- whereas the 25 W LED cost will be Rs 757/-. This
price diﬀerence is still high for the Indian middle class mar-
ket to accept. However the unit cost of electricity is increas-
ing exponentially and therefore the decline in cost of LED
is considered till 2025.
T12 lamp and incandescent bulb cost is projected from
the WPI of Lamps. The use of T5 ﬁxture in residential sec-
tor happened in the years 2006–07 therefore the replace-
ment of the T5 lamp in Indian market took place after
the year 2009 .The actual wholesale market price of T5
lamps is found from year 2010 till 2014, which is projected
for the next 25 years. The details of life of parts of energy
components, wholesale market cost ﬂuctuations, base case
year and associated cost and cost projection method is pro-
vided in Table 6.
5.5. Saving cost
Savings from green components will be in the form of
beneﬁts realised by lower consumption of resources such
as energy, water, human labour and material. Cash inﬂow
will also occur by selling the valuable by-products formed
by energy components.
Fig. 5 provides the electricity tariﬀ in Rs/unit from the
period 1985 projected till 2038 of Bombay Suburban Elec-
tricity Supply Company taken over by Reliance Energy in
2004 (local electricity providers). The projections are made
with reference to bills provided by family residing in sub
Table 6
Method of cost projection and life of parts of energy component/conventional system for replacement cost.
Green Component/conventional
system
Part of the Green
component/conventional
System
Life of part of the green
component
Base case year and cost in
the respective base case
year.
Cost projection method
SPP Batteries12V 150 A-h 4 yearsa (Service Life) 2004–05-Rs 7500.0/- WPI new series 2004–05 of
Batteries. Linear trend with equation,
{WPI=((4.603*nth year)+97.07)}.
R-squared value = 0.875
Inverter 6 kVA 2004–05-Rs 52000.0/- WPI new series 2004–05 of Converter/Inverter. Linear trend with
equation {WPI = (4.017*nth year + 95.18)}. R-squared value = 0.822
SSL Batteries12V 42 A-h 2 yearsb (Service life) 2004–05-Rs 3000.0/- WPI new series 2004–05 of Batteries Linear trend with equation,
{WPI=((4.603*nth year)+97.07)}.
R-squared value = 0.875
25 W LED lamp 10 yearsc (40,000 + h) d2009- Rs15,200 /- as base
case year.
2010-Rs 11,000/-
2011- Rs 9,250/-
2012 -Rs 7,500/-
2013 -Rs 6,300/-
2014- Rs 5,100/-
Trend line ﬁtted with the data of market rates from the whole sale
market from 2009 as base case year following the reduction in cost as
per exponential trend till2025,{Cost = 17672*EXP(0.21*nth year)}
R-squared value = 0.990
and then 3% increase annually till 2038
Conventional street light 100 W
Sodium Vapour lamps
3000 + he 2014- Rs 375/- 3% increase annually till 2038
CFL 14 W lamp Passage:8000 + hf 2004-Rs 300/- 7% decrease annually till 2020 and then 3% increase annually till 2038
W/C + bath:6000 + hf
Incandescent Bulbs (lamp) 60 Wlamp 1000 + hf 2004-Rs 11.5/- WPI new series 2004–05 of
Lamps. Exponential trend with equation.
{WPI=96.02*EXP(0.021*nth year)}
R-squared value=0.891
T12-TL 40 W regular lamp,
1 year warranty
40 W
lamp
5000 + hg 2004-Rs 40/-
T5-TL 28 W ultra slim (lamp),
1 year warranty
28 W
lamp
18000 + hh 2010-Rs 100/-
2011- Rs 125/-
2012 -Rs 150/-
2013 -Rs 175/-
2014- Rs 175/-
Trend line ﬁtted with the data of market rates from the whole sale
market from 2010 as base case year following the increase in cost as
per power projection trend,{Cost = 99.21*nth year(0.373)}
R-squared value = 0.980
a Waaree Energies Pvt Ltd. (Mumbai).
b Zara Energy Pvt Ltd.(Mumbai). (Service life of batteries is considered as 80% of design life)(Inverters life is recommended as 3.5–4 years, assumed on higher side in study).
c Anil, Walia, 2012. Partners Role in LED value chain A consultant’s perspective. Jan05–06, 2012, 1–55. Mumbai, Electric Lamp and Component Manufacturer’s Association of India, (ELCOMA),
LED and oﬀ-grid Lighting conclave. Available at: <http://www.elcomaindia.com/ELCOMA Partners Role in LED value chain-AnilValia.pdf> (accessed August10, 2014).
d Go green ventures, Thane West, Mumbai. (An additional amount of Rs 1000/- for ﬁrst replacement and 1200/- for second replacement is provided per LED luminaries as cost of Aluminium Die cast
for LED ﬁtting, soldering, wiring including labour complete).
e P.K. Mishra, 2010. Objective Electrical Engineering. Railway and other engineering (diploma) competitive exams. 2010.
f Shyam, Sujan., Secretary General, ELCOMA. Lighting Industry and Elcoma Activities. 1–29. Available at: <http://www.sari-energy.org/pageﬁles/what_we_do/activities/rceel/presentations/India-
CaseStudiesonEnergyEﬃcientLighting.pdf> (accessed August 9, 2014). (The life of CFL is taken as 2000 h extra in the case of passage lights of buildings as they do not frequently switch oﬀ and on but
once in a day, so performance of the lamp is better).
g Philips Lighting Company, rated average life of T5,Florescent Lighting. SAG 100 2011. Available at: <http://www.usa.lighting.philips.com/pwc_li/us_en/connect/tools_literature/downloads/SAG_
2011_Fluorescent.pdf> (accessed August 10, 2014).
h Philips Lighting Company, Actinic BL TL 40 W T12 1SL Available at: <http://www.ecat.lighting.philips.com/l/lamps/special-lamps/insect-trap/actinic-bl/actinic-bl-tl-k-tl-d-k/928011301020_na/>
(accessed August10, 2014). EXP = exponential value, nth year from the base case year.
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Figure 5. Electricity tariﬀ (Rs/KWh) of BSES from 1985 to 2004 taken over by reliance energy from 2004.
Table 7
Payback periods at 8% discounting rate and net present value at 4% and 10% discount rates for LCCA for various energy components.
Green components NPV at 4% discount rate NPV at 10% discount rate Payback at 8% discounting rate
All energy components Rs 329,448,163.80/- Rs 98,975,952.95/- 11 years
SPP and SWH Rs 174,543,045.82/- Rs 31,321,408.41/- 15 years
SSL Rs 73,53,235.29/- Rs 1,74,897.96/- 23 years
CFL and T5 Rs 13,99,41,594.67/- Rs 6,56,19,891.71/- 2 years
BMP Rs 76,10,288.02/- Rs 22,09,550.80/- 11 years
214 S.S.M. Sayed, P.H. Sawant / International Journal of Sustainable Built Environment 4 (2015) 202–221urban Mumbai. The number of units of energy consumed
by the family every month is between 100 and 300 KWh.
The values taken in calculations for the study are from
Eq. (5) which is also provided in Fig. 5.
Y ¼ 0:82EXPð0:064X Þ ð5Þ
Y = unit electricity cost in Rupees/KWhFigure 6. Annual cash ﬂow diagram in rupees for SPP and SWX = nth year from the base case year of 1985
EXP = exponential values
R-square value for the trend = 0.887
For the purpose of ﬁnding the power saved by SPP and
SWH, clear sunny days are considered as 320 days in a
year. Overall 25% transmission losses are considered forH in terms of outgoing cost, saving cost and net saving.
Figure 7. Annual cash ﬂow diagram in rupees for SWH in terms of outgoing cost, saving cost and net saving.
Figure 8. Life cycle cost breakdown percentage share for solar photo-
voltaic panel and solar water heater.
S.S.M. Sayed, P.H. Sawant / International Journal of Sustainable Built Environment 4 (2015) 202–221 215SPP. The eﬃciency of the solar panel is considered as 90%
and is assumed constant for 25 years. The batteries can be
loaded up to 87.5% of its maximum storage capacity. The
following assumptions are considered for SWH.Figure 9. Life cycle saving cost breakdown percentage share for solar photovo Heat capacity of water is 4.18 kJ/L/C rise in
temperature.
 The temperature of water supplied from the over head
water tank is assumed to be 30 C.
 The temperature of hot water is assumed as 50 C at
ﬁxture.
 The electrical water heater is used for 1.5 h in a day for a
family of ﬁve people.
SSL is considered working for 12 h daily (dusk to dawn)
for 365 days. LED is replaced after 10 years and the
sodium vapour lamp is replaced every year. Requirement
of labour for replacement of sodium vapour lamp and cost
projection of the same are provided in Tables 4 and 6
respectively. For energy eﬃcient ﬁxtures CFL and T5, the
non occupancy of houses in the complex is considered as
20 days in a year. The number of hours of actual usage
of respective lamps in the complex is taken from Table 2,
energy savings in watt hours by respective lamps isltaic panel, solar water heater and solar street light with LED luminaries.
216 S.S.M. Sayed, P.H. Sawant / International Journal of Sustainable Built Environment 4 (2015) 202–221provided in Table 3 and for life of respective lamps, Table 6
provides the necessary data.
BMP of one tone capacity Nisargruna type will generate
on an average 90 m3 of biogas per day and 1 m3 of biogas
generates on an average 1.65 KWh of electricity. Also
1 tone plant will produce 70 kg’s of organic manure per
year. The cost of organic manure from the year 2004 till
2014 is found from the wholesale market, as per data pro-
vided. (Year = x Rs/kg, 2004 = 3.0, 2005 = 3.25, 2006 =
3.75, 2007 = 4.25, 2008 = 4.25, 2009 = 4.5, 2010 = 5.3,
2011 = 5.7, 2012 = 6.0, 2013 = 6.3 and 2014 = 7.2). These
data are projected till the year 2038 by ﬁtting a trend line
through the polynomial trend with R-squared value as
0.984.6. Results of life cycle cost analysis, life cycle cost and life
cycle savings
The life cycle cost analysis of all the energy conservation
green components in residential mass housing complex
provide a payback of 11 years at 8% discounting rate. If
the solar water heater is considered independently from
solar photovoltaic panels a payback of 3 years is realised
at 8% discounting rate. To ﬁnd out the NPV and payback
period of individual energy conservation green compo-
nents, a discount rate of 4% and 10% is applied and the
NPV of the total positive and negative cash ﬂows from
the individual green components is provided in Table 7
with respective individual payback periods at 8% discount-
ing rate.
All the energy components produce positive NPV for
both discounting rates (4% and 10%) except for SSL which
provides negative NPV at 10% discounting rate. This is due
to the recurring cost of replacement of batteries after every
2 years in the case of life cycle cost of SSL. If solar photo-
voltaic panels are considered alone excluding solar water
heater, no payback is realised during the life cycle analysis
period of 25 years and a negative NPV is produced for both
the discounting rates (4% and 10%). This is once more due
to the recurring capital intensive cost of replacement ofFigure 10. Life cycle cost breakdown percentage shbatteries and inverters at every four years in the life cycle
cost of SPP.
Fig. 6 provides an illustrative annual cash ﬂow diagram
for combined SPP and SWH when outgoings are due to the
replacement of batteries, inverters, labour related opera-
tion and maintenance cost in terms of cleaning of panels,
minor electrical repairs to SPP and plumbing repair cost
to SWH. Fig. 7 provides an illustrative annual cash ﬂow
diagram for SWH individually when outgoings are in terms
of labour related cost for cleaning of panels, operation and
maintenance for plumbing works. Outgoings in case of
SWH are also due to plumbing material cost for repairs
and minor maintenance to plumbing works. Fig. 6 and
Fig. 7 also provides combined energy cost savings due to
SPP together with SWH and SWH individually. Net cost
savings are also plotted in Fig. 6 and Fig. 7 which is the
result of outgoing cost deducted from saving cost.
The life cycle cost of SPP along with SWH as provided
in Fig. 8 indicates a dominant cost of replacement of bat-
teries at 39.35% share by individual SPP since SWH do
not have any battery part replacement. This is followed
by the capital cost of SPP and SWH which accounts for
32.69% share of the cumulative life cycle cost .The labour
cost share is 7.89% for SPP combined with SWH. Out of
this 7.89% share, 2.88% is due to SPP related labour cost
which is required for the activities like cleaning of the
panel, minor electrical repair works and replacement work
of batteries and inverters. A very small share of 2.36% is
solely related to SWH plumbing material cost for repairs
and minor maintenance to plumbing works.
The life cycle savings of SPP along with SWH indicates
a totally one sided energy cost savings by SWH at 94.41%
share of the cumulative life cycle saving as compared to
SPP. This is due to the high heat capacity of water. The life
cycle savings from SSL with LED luminaries indicates
energy cost savings as 89.04% share of cumulative life cycle
saving from SSL. There is also a considerable savings of
8.31% share due to replacement cost of conventional lamp
which is related to the greater burning hours of LED as
compared to lower life of the Sodium vapour lamp. Also
the labour cost saved in terms of fewer LED luminariesare for solar street light with LED luminaries.
Figure 11. Life cycle cost breakdown percentage share for energy eﬃcient lamps/luminaries, CFL and T5.
Figure 12. Life cycle saving cost breakdown percentage share for energy
eﬃcient lamps/luminaries, CFL and T5.
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25 year life cycle is 2.65% share. The life cycle savings of
SPP along with SWH and SSL are provided in Fig. 9.
The life cycle cost of SSL provided in Fig. 10 indicates a
substantial portion of cost of replacement of batteries at
62.84% share of the cumulative life cycle cost. Labour cost
required for the replacement of batteries, LED luminaries
and manual cleaning of the panels takes the second highest
share of 22.72%. Capital cost of SSL with 25 watts LEDFigure 13. Life cycle cost and life cycle savingconsumes a share of 10.75%. A small share of 3.09% in
the cumulative life cycle cost is due to the replacement cost
of LED luminaries including the cost of Aluminium Die
cast LED ﬁtting. Minor electrical material cost required
for the routine repairs to SSL takes a share of 0.60% in
the cumulative life cycle cost of SSL with LED.
The life cycle cost of energy eﬃcient ﬁxtures CFL and
T5 provides the highest share of 24.41% of the cumulative
life cycle cost for the replacement cost of T5 lamps. This is
followed by almost equal percentage share of initial capital
cost at 20.05% for CFL and replacement cost of CFL at
20.47%. The minor maintenance and repair cost to electri-
cal points is at a share of 18.97%. Life cycle cost related to
labour has a lowest share required at 16.11% in terms of
electrician required for the maintenance and repair activi-
ties. The life cycle cost details for CFL and T5 lamps/
luminaries are provided in Fig. 11.
The life cycle savings of energy eﬃcient lamps/luminar-
ies CFL and T5 is provided in Fig. 12. The ﬁgure indicates
a 73.37% share of energy cost savings by CFL alone to the
cumulative life cycle saving. This is followed by the energy
cost saved due to T5 at 22.03% share. There is also a small
saving of 4.61% share due to the longer life of CFL and T5cost breakdown percentage share for BMP.
Table 8
Energy components resources/parts share variations for supplementary trend line projection values as percentage deviation from Analysed trends.
Sr
no
Resource/Parts under
Consideration
Supplementary trend line
equation and R square values
Percentage variations
from analysed trend
Analyzed trend Reference
1 Skilled Workmen Daily wage in Rs = 1.745*nth
year2 + 12.89*nth year + 85.24
R-squared value = 1
+70.77% Fig. 3
Daily wage in Rs = 33.8*nth year + 39.88
R-squared value = 0.877
Daily wage in Rs = 3.490*nth
year2 - 8.088*nth year + 130.6
R-squared value = 0.95
+141.54%
2 Unskilled labour
(Mazdoor)
Daily wage in Rs = 0.614*nth
year2 + 4.429*nth year + 89.86
R-squared value = 1
+58.83% Fig. 4
Daily wage in Rs = 11.8*nth year + 73.92
R-squared value = 0.878
Daily wage in Rs = 1.228*nth
year2  2.941*nth year + 105.8
R-squared value = 0.953
+117.66%
3 Electricity Unit cost (Rs) = (0.009*nth
year2)  (0.109*nth year) + 1.395
R-squared value = 0.876
1.646% Unit Cost = 0.82*EXP(0.064*nth year)
R-squared value = 0.887
Refer Fig. 5
Unit cost
(Rs) = (0.698*EXP(0.071*nth
year)
R-squared value = 0.90
+16.92%
4 Batteries12V 150 A-h/
12 V 42 A-h
WPI = 19.08*ln(nth year) + 93.56
R-squared value = 0.881
26.10% Table 6 linear projection trend. Base case (2004–05 for
WPI)
WPI = 98.25*EXP(0.038*nth
year)
R-squared value = 0.867
+21.85%
5 Inverter 6 kVA WPI = 93.55*nth year 0.145
R-squared value = 0.817
23.00% Table 6 linear projection trend. Base case (2004–05 for
WPI)
WPI = 96.04*EXP(0.035*nth
year)
R-squared value = 0.816
+19.46%
6 25 W LED Till 2025, Unit cost
(Rs) = 16127*nth year0.58
R-squared value = 0.968 and then
3% increase annually till 2038
+164.86% Table 6, till 2025
Cost = 17672*EXP(0.21*nth year), R-squared
value = 0.990, then 3% increase annually till 2038
Average of power and exponential
trends
+82.43%
7 T12-TL 40 W regular/
incandescent bulbs
WPI = 2.318*nth year + 95.4
R-squared value = 0.882
5.51% Table 6, WPI new series 2004–05 of lamps. exponential
trend with equation
WPI = 0.165*nth
year2 + 0.493*nth year + 99.05
R-squared value = 0.911
+30.95%
8 T5-TL 28 W ultra slim
(lamp)
Unit cost (Rs) = 50.45*ln(nth
year) + 96.69
R-squared value = 0.967
16.31% Table 6, power projection trend
Unit cost (Rs) = 20*nth year + 85
R-squared value = 0.941
+57.77%
9 Organic manure Cost per kg (Rs) = 0.399*nth
year + 2.469
R-squared value = 0.978
21.09% Rate of organic manure = {(0.011*(nth year)2)
+ (0.26*nth year)+2.769)} per kg. R-squared
value = 0.984
Cost per kg
(Rs) = 2.835*EXP(0.084*nth
year)
R-squared value = 0.983
+54.31%
EXP = exponential value.
ln = logarithmic value.
nth year from the base case year.
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due to fewer replacements of CFL and T5 in the life cycle
analysis period of 25 years.
The life cycle cost of BMP has a considerable share of
57.73% as labour cost in terms of semi skilled labourrequired for the operation of the plant. This share is fol-
lowed by capital cost share at 27.11%. A share of 8.14%
is required for water cost for the operations of the plant.
Energy cost required to operate the plant takes a share of
3.72%. Maintenance and repair share to Civil, Electrical
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labour cost share is highest in the life cycle cost of BMP
as it is expected that the semi skilled labour will perform
routine and preventive maintenance activities regularly.
For BMP manual labour should perform regular mainte-
nance activities which will include lubricating of the
mechanical part, cleaning of the pumps, blowers, scrubbers
and compressors and proper in house cleaning of the plant.
Also white washing is to be applied by the labour once in
three years to the structure as maintenance for routine civil
works.
The life cycle savings from BMP is due to the energy
cost share which accounts for 99.85%.
Remaining miniature savings are due to the selling of
manure which is generated as by product of BMP. The life
cycle cost and life cycle savings details for BMP are pro-
vided in Fig. 13.
7. Variation analysis
The study of life cycle cost analysis requires trend pro-
jections on WSP/market price of various parts of energy
components and electricity tariﬀ/ labour wages as
resources. The projections considered in the analysis are
not only the trend line whose R-square values are closer
to 1 but also various reports have been studied to decide
the analysed trend. Ministry of Coal, GoI (2011) report
on coal and lignite, Ministry of Power, GoI (2012) report
on power planning for the twelfth ﬁve year plan (2012–
2017) were studied for understanding the price ﬂuctuations
of coal and power sector plans. Reports published by
MNRE and ELCOMA were also studied for Solar photo-
voltaic applications and energy eﬃcient lightings. Person-
nel functioning in wholesale market and having an
experience of more than ﬁfteen years were consulted to
decide the analysed trend line projection values. Report
by Ministry of Labour and Employment, Government of
India (GoI) (2009) emphasised the existence of non unifor-
mity of wage structure in various States/Union Territories.
The report pointed out the fact that some states pay con-
solidated wages (Basic + Dearness Allowance) and the
others report Dearness Allowance as a separate compo-
nent. For minimum wage projections for skilled and
unskilled labour, India Labour Report (2009) by Team
lease and Indian Institute of Job Training were also consid-
ered. The electricity tariﬀ structure of regional private elec-
tricity providers like Reliance Energy, Tata Power, Brihan
Mumbai Electric Supply & Transport (BEST) and Maha-
rashtra State Electricity Distribution Company Limited
(MSEDCL) were studied from the year 2009. Fuel adjust-
ment charges (FAC), Wheeling Charges, Reliability
Charges, Regulatory Asset (RA) Charges and central and
state government taxes/duties that are related to electricity
tariﬀ structure were also studied.
In addition to the analysed trend which corresponds to
more probable values, supplementary trend projection val-
ues were also analysed. These supplementary trend valueseﬀect on the energy components resources/parts cost vari-
ations for WPI, electricity tariﬀ, labour wages and unit cost
under the head of variation analysis is also performed in
the study. These supplementary trend line projection equa-
tions and associated cost/saving percentage share ﬂuctua-
tions of individual resource/parts are provided in
Table 8. The eﬀect of percentage variation from the anal-
ysed trend line on resource/parts will be same on all the
energy components for common resources and parts
replaced. For example the life cycle cost/saving variations
on the share of energy cost as resource will be same for
all energy components consisting of electricity as energy
resource. In variation analysis for electricity cost the sup-
plementary trend line for exponential projection {Unit cost
of electricity = 0.698*EXP (0.071*xth year), where x is the
nth year from the base case year of 1985} whose R-squared
value is 0.90 varies as +16.92% from the analysed trend line
case as provided in Eq. (5). Similarly the ﬂuctuations of
batteries replacement cost share will be same for energy
components like solar photovoltaic panel and solar street
light. These battery replacement cost variation is minus
(26.10%) from the analysed trend of linear projection
when supplementary logarithmic projection is considered
as shown in Table 8.
8. Application of analysis
The results of the analysis will be practically useful for
sanctioning of capital budget so as to implement these
energy components by institutions and government/private
sectors providing housing facilities to their employees. The
operation and maintenance cost associated with these
energy components can be estimated in advance and bud-
get allocation for the same can be done annually for the
proper functioning of these components. Long term budget
requirement for the replacement cost of batteries and
inverters for solar photovoltaic panel and solar street light
can also be planned in advance. For long term property
owners the study is useful to realise the resources saved
by implementation of these energy components in residen-
tial housing colonies.
9. Conclusions
In the present scenario developers who are engaged in
the development of mass housing projects and keen to
implement green components do not have data on the life
cycle cost that is suﬃciently researched and can be relied
on. The conclusion presented in the paper addresses this
concern to a greater extent. For example out of the life
cycle cost share the main issue is about capital cost. The life
cycle cost of energy components mentioned in the study
leads to an extra estimated investment of Rs 1020/- per
m2 of built up area for implementation in housing projects.
The capital cost of conventional construction as per District
Schedule Rates (2012–13) by Public Works Department
(2012) ranges from Rs 15,000/- to 20,000/- per m2 of
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cost of a conventional building by 5–7%. Out of this
amount 19.7% share is for the implementation of SWH,
68% share is for SPP, 4.7% share is for SSL with LED,
4.9% share is for energy eﬃcient lighting CFL and T5
and 2.37% share is for BMP. This suggests that with an
extra capital investment of Rs 50/- per m2 of total built
up area, energy eﬃcient lighting (CFL and T5) can be
implemented in the project. Almost the same investment
is valid for SSL with LED. However the life cycle cost with
all the negative and positive cash ﬂows provides a payback
period of only 2 years at 8% discounting rate for CFL and
T5 as against 23 years for SSL with LED. This is due to the
fact that SSL requires a recurring investment of replace-
ment of batteries throughout the life every two years which
increases the payback period. If labour cost is to be com-
pared in both the cases, SSL with LED takes the second
highest share of 22.72% for labour whereas CFL and T5
labour share consumes the lowest share of 16.11%. This
diﬀerence is again due to the basic performance of house
electrical lighting works, where routine repair and mainte-
nance activity to each point occur more probably once in
ﬁve years for each lighting point. Further if replacement
activity of lamps (T5 and CFL) is considered, it can be per-
formed by household occupants also if required. However
when it comes to SSL, the LED luminaries replacement is
to be performed by an electrician with a helper, and also
the cleaning of SSL is to be done by the management tak-
ing care of the daily operations of the complex. Again when
replacement of batteries occur, an electrician with a helper
would be required.
The analysis also identiﬁes the solar water heater and
CFL/T5 as ﬁnancially competent components as they have
higher return on investments when compared with solar
photovoltaic panels and solar street lights. This would help
the decision makers to understand the ﬁnancial viability of
various solar components.
Bio-methanation plant component is found to have a
payback period of 11 years at 8% discounting rate. This
component needs to be critically evaluated when capital
investment decisions are to be made. Also the labour cost
share (57.73%) is highest in life cycle costing of BMP. This
share should be justiﬁed by eﬃcient functioning of the
labour. If the labour fails to perform the routine activities
then the maintenance and repair share which is only 3.5%
of the cumulative life cycle cost will tend to escalate. There-
fore tight control is to be observed by management person-
nel’s of the housing complex in case of BMP labour related
works.
10. Signiﬁcant ﬁndings
 The energy conservation green components provide a
payback of 11 years for capital return at 8% discounting
rate.
 Energy eﬃcient lightings (CFL/T5) provide the shortest
pay back of 2 years at 8% discounting rate. The most cost eﬀective component for solar application
is the solar water heater with a pay back of 3 years at 8%
discounting rate.
 When implementing solar photovoltaic panels and solar
street lights, recurring cost of battery replacement
(capital intensive part) after every 4 years for solar
photovoltaic panels and 2 years for solar street lights
is to be considered in long term budget planning for
proper functioning of these components.
 In all the energy conservation green components except
for bio-methanation plant, the dominant life cycle cost
share is replacement cost.
 In the case of bio-methanation plant the operating cost
share is highest as labour cost is 57.57% of the cumula-
tive life cycle cost. Therefore tight control is to be
observed for labour related routine maintenance works
for BMP which if failed to perform will considerably
increase the maintenance and repair share of 3.5%.
 The maintenance cost of electrical and plumbing works
is minimum in the case of solar applications (SPP and
SWH = 10.91% and SSL = 23.32%) including labour
cost.
All the above results of life cycle cost and saving analysis
are subjected to variations in electricity and water tariﬀs,
labour wages, WPI, and market ﬂuctuations at national
and global levels due to technological advancements and
government policies implemented. Findings of the paper
therefore shall be useful in evaluating the ﬁnancial viability
of green energy components in mass housing projects.
Resources should be channelised in the ﬁeld of research
to reduce the cost of VRLA batteries for the successful
implementation of solar city planning by MNRE. MNRE
should also extend ﬁnancial assistance to non commercial
projects of Waste to Energy Program.
11. Conversion
{1U.S.D ($) = 60 I.N.R (In the year 2014)}.
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